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Claims 

^^y) Method for providing a substrate structure for orienJed neurite outgrowth, wherein a basic 
substrate (1) is provided, / 
characterized in that 

at least one alignment layer (2) is deposited on saic substrate (1) and 
a mono- or multi-layer of a liquid crystal material <|3) is deposited on said at least one 
alignment layer (2); or 

tjf/^j a combined alignment layer is deposited on saidjbasic substrate (1), thereby providing a 
(j^) / structured surface. 



2. Method according to claim 1/characterized in that at least one neuron or cell (10) is put 
on top of said substrate stfucture (1 , 2, 3) within a culture medium. , 



jj* 3. Method according to claim^fis^T characterised in that said structured surface (3) has 
areas of different surface free energies. 

^ 4. Method according to on e " of ih^precedmg cl^irn^, characterized in that said at least one 
1$)^ alignment layer (2) is a polymeric alignment layer. 

5. Method according to -entrof the-^Feeeehrrg^laimi, characterized in that said alignment 
layer (2) material is a polyimide. / /;- 



6. Method according to claim 5 ? characterized! in that said polyimide is represented by the 
following structure: / 
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7. Method according to one-ofihe^tt^ceding^ claim! characterized in that said liquid crystal 
layer (3) material is 4-Octyl-4-biphenja carbohitrile (8CB) and/or 4-Pentyl-4-biphenyl 
carbonitrile (5CB). 



8. Method according to fm^ nf the- pa 



0 — . j- — j — „, wlaimjf, characterized in that said alignment 

layer (2) material is dissolved and the^solutioii is applied to the substrate (1). 

^^^^IMcihod according to claim 8, characterized iji that said solution of the alignment layer (2) 
( (ffl / material is spin coated on the substrate [1). 



P 10. Method according to claim 8j**^l^actefized in that an annealing process is conducted 
after applying the alignment layer solution to the substrate (1). 



11. Method according to Qper^f^e^eeedtmd clainq£, characterized in that said liquid crystal 
layer (3) material is solved, preferably in £ hloroform, and the solution is applied onto said 
alignment layer (2). 



/ 



y 12. Method according to claim 11, characterised in that said solution of liquid crystal material 



is evaporated onto said alignment jayer (£). 



13. Method according to Qjze of the claim jf/1 t&£( characterized in that said combined align- 
ment layer comprises polymeric materi^/selected from the group comprising polyester, 
polypeptide, polyacrylamide, polyvinyj alcohol, polyacrylate, polymethacrylate, polyurea 
and polyamide. 



14. Method according to claim 



laracterized in that said polymeric material has at least 



one azobenzene chromophore GX>valeritlv attached. 

v; ' 

15. Method according to claim 14 5/ <fhajracterized in that said azobenzene chromophore is rep- 
resented by the formula: 
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R 



-O— n=n — u>— ° — ( CH >) 



where R is selected from the group comprising CN, N0 2 , OCH,, H, CH 3 , (CH 2 ) 3 CH,. F, 
" 1, Br, CF 3 , QHs, 0(CH 2 ) 2 OCH 3 and (CH^CH,, 
and where n is selected from the range: 0 < n £ 12. 

3 16. Method according to pl^pfttke claimji 13^/eharacterized in that said polyester is a 
sidechain liquid-crystalline polyester. 




17. Method according to claim 1 6y^aracterizdd in that said side chain liquid-crystalline 
polyester is an azobenzene sidechain liquid-ciystalline polyester. 

18. Method according to claim 17, characterized in that said azobenzene sidechain liquid- 
crystalline polyester is selected/^om the group comprising P6al2, P6al0, P8al0, PlOalO, 
P8al2 and P10al2. 

19. Method according to oae^oX-the claimjf n^fegpeharacterized in that said polypeptide is 
selected from the group comprising polyglu ^mate, polyproline and polyornithine. 

20. Method according to claim 19, characterized in that said polypeptide is selected from the 
group comprising 

NH— CH 



CO 4- 

J k 



azobenzene 
chromophore 
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Azobenzene 
2 ^ I chromophore 



Azobenzene 
chromophore 



»40 

n 



jsr /— Azobenzene 
chromophore 

O 



r here X is selected from the group comprising NH and O, 
where the azobenzene chromophore is defined as in claim 15, and 
where k, n and 1 are selected from the range: 1 < (k or 1 or n) < 500 



21. Method according to oj?ia^>fLtfie'claims 13 -15',' characterized in th^tt said polyacrylamide 
is selected from the group comprising 
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where x is selected from the range: 0.2 < x < 1 , 
y is selected from the range: 0. 1 £ y < 1 , 
z is selected from the range: 0.0 )5 < z < 0.025, and 
x + y + z = 1 for all combinatior s of x, y andz. 
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23. Method according to Q^P^ffcy^e claim^ 1 tfiS$?& laracterized in that said combined align- 
ment layer comprises at least one type of azosilane. 



24. Method according to claim 23, di^racterized in 
group comprising / 



that said azosilane is selected from the 





// 



where R is selected from the group comprising 
CI, Br, CF„ CMs, 0(CH 2 ) 2 OCH, and (CH^CHj. 



CN, N0 2 , OCH 3 , H, CH„ (CHO3CH3, F, 




25. Method according to^p^bfttne precj^j^gclain ^, characterized in that the orientation of 



( 



the structured surface is directed by^xternal 
growth. 



means for controlling oriented neurite out- 



26. Method according to claim £5, characterized in| 
an electric field. 

27. Method according to claim 25/characterized ir 
electromagnetic irradiation 



28. Method according to claim 27, ^naracterized 
applied by laser means. 



in that said electromagnetic irradiation is 



29. Method according to<a3ae*j>£_the clain^^^aJ-SS-, characterized in that said directing or 
switching of said structured surface is conducted at a temperature, at which the liquid 
crystal material is in its nematic or in its smectic phase. 



that said structured surface is oriented by 



that said structured surface is oriented by 




30. S jubstrate structure for neurite outgrowth, 



lprising a basic substrate (1) 
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- an alignment layed(2) <m said su bstrate ( l j and 

- a mono- or multi-layfr ofliqmdc^sta^ on said alignment layer, or com- 
prises 

- a combined alignment layer. 



ubstrate structure according to claim 30, characterized in that it further comprises^ least 
one neuron or cell (1 0)\>n top of said ; 

— 



Lte structure. 




2. Substrate structure according to claim 30 c^ff characterized in that said basic substrate 
(1) is a glass substrate, preferably covered with a conductive layer ^r an electrode ar- 
rangement. ^ I 

to ode^f^he claim* S{y\&3rZ? characterized inlthat^aid at 



ft 33. Substrate structure according to ode^Pth^ claim^ 

least one alignment layer (2) is a polymeric alignment layer!" 




I 34. Substrate structure according to pd^dSXhe claim^ 
\ alignment layer (2) is a polyimide. 



35. Substrate structure according to claim 3 
sented by the following structure: 




; characterized in that said 



{ characterized in that said polyimide is repre- 




^^^36? structure according to piiej^^e claim^ 3Qio>35T characterized in that said liq- 

uid ^crystal material (3) is 4-OctyI-4Jbiphenyl ^afbonitrile (8CB) and/or 4-Pentyi-4- 
biphenyl carbonitrile (5CB). 



37. Substrate structure according to one-bf-the clain^ 30 taretfrcharacterized in that the 
< ^ y/ alignment layer (2) has a thickness fro^i 10 to 200 nm, pj^ferably about 100 nm. 
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38. Substrate structure according to ariq>e£the cla(Sm^30 ts^T^'characterized in that the liquid 
(7^ crystal layer (3) has a thickness from 1 0 to 1 5 0 nm^preferably about 1 00 run. 



39. Substrate structure according to ope^fUh/ :hdn^ 30>*32>eharacterized in that said com- 
bined alignment layer comprises polymeric Laterial selected from the group comprising 
polyester, polypeptide, polyacrylamide, polyvinyl alcohol, polyacrylate, polymethacrylate, 
polyurea and polyamide. 



40. Substrate structure according to claim 39, ci 



/ 



cterized in that said polymeric material has 



at least one azobenzene chromophore covaWtly attached 

41. Substrate structure according to claim 40, ^jiaracterized in that said azobenzene chromo- 
phore is represented by the formula: 




R 




N=N 



where R is selected from the group 
CI, Br, CF 3 , C 6 H 5 , 0(CH 2 ) 2 OCH 3 and (CH 2 ) ; 
and where n is selected from the range: 0 < 




( CH *)»- 



sing CN, N0 2 , OCH„ H 
!cH„ 
n< 12. 



CH„ (CH 2 ) 3 CH 3 , F, 



ester is a sidechain liquid-crystalline polye 



42. Substrate structure according to oneref-the claimf 3p^Ur; characterized in that said poly- 



43. Substrate structure according to claim 42; characterized in that said sidechain liquid- 
crystalline polyester is an azobenzene sidechain liquid-crystalline polyester. 
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44. Substrate structure according to claim 43^harac|terized in that said azobenzene sidechain 
liquid-crystalline polyester is selected from the 
PlOalO, P8al2 and P10al2. 



igroup comprising P6al2, P6al0, P8al0C 



45. Substrate structure according to a 



)/fl^f>tie / clai 



^ — — — ^ "/i^urc clamps 39/^rfcharacterized in that said poly- 
peptide is selected from the group comprising ^olyglutamate, polyproline and polyomi- 
thine. 



46. Substrate structure according to claim 45,/mara 
from the group comprising 



erized in that said polypeptide is selected 



NH CH CO 




-fc 



(CH 2 ) 2 



CO 

I 

X 



azobenzene 
chromophore 



where X is selected from the group comprising NH and O, 
where the azobenzene chromophore is defined as in claim 41, and 
where k, n and 1 are selected from the rai/ge: 1 < (k or 1 or n) < 500. 




Azobenzene 
chromophore 



Azobenzene 
2 \ / chromophore 



Azobenzene 
chromophore 



jsr y— Azobenzene 
j>T chromophore 
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where x is selected from the range: 0.2 < x < 1, 
y is selected from the range: 0.1 < y < 1, 
z is selected from the range: 0.0 35 < z < 0.025, and 
x + y + z = 1 for all combinations of x ? y and z. 



48. Substrate structure according to^j/C^the clainp 39/^^characterized in that said poly- 
^ vinyl alcohol is selected from the gipjup comprising 



CH, 



CH 

I 

OH 




l-x 




where x is selected from the range: 0.2 < x < 0.6. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/71677 



PCT/EPOO/04517 



32 



49. Substrate structure according to ofi^f^f^ cl 
bined alignment layer comprises at least oi 

50. Substrate structure according to claim 49, cl 
from the group comprising 





characterized in that said com- 
icterized in that said azosilane is selected 



\ I 
N-(CH 2 J 3 .Si--OC 2 H s 

H I 



where R is selected from the group comprisirg CN, N0 3 , OCH 3 , H, CH 3 , (CHjfcCH,, F, 
Cl, Br, CF„ C 6 H„ OCCH^OCH, and (CH 2 ),CI [ 3 . 



51. Substrate structure according to ojtfbjfij)^ cl 
that said combined alignment layer has a thi 
run. 



— j 30^J^^or 39 to 50, characterized in 
kness of 20 nm to 350 nm, preferably 200 



52. IDevice for monitoring cell or neuron activity Jcomprising: 
-a basic substrate (1) 

- at least one electronic device (20), 

- at least one neuron or cell (10), being coupljed to the respective electronic device (20) so 
that an activity of said at least one neuron or cell (20) influences the electronic device and 
produces measurable reaction and/or vice vefsa, 
characterized in that it further comprises 

- an ahgnm entj ayer ( 2) on said substrate an<j/or at least partially on said electronic device, 
and 

- a mono- or multi-layer of a liq uid crystal ifoateri al (3) on said alignment layer (2); or 
comprises 

- a combined alignment layer. 
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53. Device according to claim 52, characterized in 
a polymeric alignment layer. 



/ 




that said at least one alignment layer (2) is 



54. Device according to claim 52/Ov$5 9 characterized in that said alignment layer (2) is a 
polyimide. 



55. Device according to claim 54 ? c)>^racterized ijn that said polyimide is represented by the 
following structure: 






56. Device according to c£k^C^p^ ;laim^ 52 characterized in that said liquid crystal 

material (3) is 4-Octyl-4-biphenyl carborrftfile (8CB) and/or 4-Pentyl-4-biphenyi carboni- 
trile (5CB). 



57. Device acqprding to claim 52, characterized in that said combined alignment layer com- 
prises polymeric material seteieted frorW the group comprising polyester, polypeptide, 
polyacrylamide, polyvinyl alcohol, pol>jacrylate, polymethacrylate; polyurea and poly- 
amide. 

58. Device according to claim 57, characterized in that said polymeric material has at least 
one azobenzene chromophore^oval^ntly attached. 

59. Device according to claim 58ycharactferized in that said azobenzene chromophore is rep- 
resented by the formula: 



R 




/ 



N=N 



SUBSTITUTE SHEET (RULE 26) 



WO 00/71677 




PCT/EP00/04517 



34 



where R is selected from the group comprising 
Br, CF 3 , QH 5 , 0(CH 2 ) 2 OCH 3 and (CH 2 ) s CHs, 
and where n is selected from the range: 0 < n < 1,1 



CN, N0 2 , OCH 3 , H, CH 3 , (CHO3CH3, F, CI, 



60. Device according to ofi^^tfie claim^ 57/ 
sidechain Liquid-crystalline polyester. 




61. Device according to claim 60,^ctdtfacterized in that said sidechain liquid-crystalline poly- 
' ester is an azobenzene sidechain liquid-crystalline polyester. 



^characterized in that said polyester is a 



62/Device according to claim 61, characterized in that said azobenzene sidechain liquid- 
crystalline polyester is selecte^trom the group comprising P6al2, P6al0, P8al0, PlOalO, 



P8al2andP10al2. 



g(ft^9f\^claim^^ 



3. Device according to g(ft^9f\sKe daimi<S7 /Wf characterized in that said polypeptide is 
selected from the group comprising<polyglutamate, polyproline and polyornithine. 



64. Device accprding to claim 63,yCharacterize[i in that said polypeptide is selected from the 
group comprising 



— [- NH CH jCO -j- 

(CH 2 ) a 



CO 
X 



azobenzene 
chromophore 
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Azobenzene 
chromophore 




* A/V Azobenzene 
chromophore 

X 




W Azobenzene 
If chromophore 



n 



>- Azobenzene 
j>r chromophore 
O 



where X is selected from the group comprising NH and O, 
where the azobenzene chromophore is defined as in claim 59, and 
where k, n and 1 are selected from the range: 1 < (k orl or n) < 500. 



65. Device according to o^j^^/ claim^f 57^$^ characterized in that said polyacrylamide is 



selected from the group comprising 




OH <V° 




6 
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HN O I 

OH 





where x is selected from the range: 0.2 <xk L 

y is selected from the range: p. 1 £ y < 1 , 

z is selected from the range:/0.005 £ z < 0.025, and 

x + y + z - 1 for all combustions of x, y and z. 



j| 66. Device according to o^^f^e claimj 5 1 characterized in that said polyvinyl alcohol 
is selected from the group comprising ' 
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{-CH.2 CH 

OH 



OH, 



l-x 



PCT/EPOO/04517 





flO 





where x is selected from the range: 0.2 < x <j0.6. 



67. Device according to claim 
prises at least one type of azosils 



CH 3 

laracterized in that said combined alignment layer com- 



68. Device according to claim 6^/characterize{d in that said azosilane is selected from the 
group comprising 



R 
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where R is selected from the group comprising 
Br, CF 3 , C 6 H 5 , 0(CH 2 ) 2 OCH 3 and (CH 2 ) 5 CH 3 . 



CN, N0 2 , OCH 3 , H, CH 3 , (CH 2 ) 3 CH 3 , F, CI, 



69. Device according to oy^S^/^t claim^ 52 
electronic device (20) is a microelectrode. 



70. Device according to one of the claims 52 
tronic device (20) is a field effect transistor ( 




to 68. characterized in that said at least one 



characterized in that said at least one elec- 

:t). 




evice according to claim 70, characterized! in that said neuron or cell (10) is located on 
top of the non-metallized gaje of said field effect transistor (20). 



72. Use of a substrate structure comprising a Basic substrate (1) and an alignment layer (2) 
and a layer of liquid crystal material (3), or a combined alignment layer, especially ac- 
cording to <p$fQf$& claim^f 30jcg^ftb^ neurite outgrowth or cells and/or a neuronal 
QS-S network on it. 



;S 73. Use of a device comprising a basic subsjrate (1), at least one electronic device (20), at 
!= least one neuron or cell (10), being coupled to the respective electronic device (20) so that 

an activity of said at least one neuron/ceil (20) influences the electronic device and pro- 
duces measurable reaction and vice versa, and an alignment layer (2) on said substrate 
and/or at least partially on said electronic/ device, a mono- or multi-layer of a liquid crystal 
material (3) on said alignment layer (4), or a combined alignment layer, especially ac- 
cording to ot}eyj^^claim^ ^J&zrC^ for monitoring cell or neuron activity, especially as 
a model system for investigating brain functions and as a development tool for designing 
software, working comparable to neuronal networks. 
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